Background: Research suggests Internet-based care management tools are associated with improvements in care and patient outcomes. However, although such tools change workflow, rarely is their usability addressed and reported. This article presents a usability study of an Internetbased informatics application called the Comprehensive Diabetes Management Program (CDMP), developed by content experts and technologists. Our aim is to demonstrate a process for conducting a usability study of such a tool and to report results.
INTRODUCTION

A
REVIEW OF THE LITERATURE suggests that disease and case management programs can improve some aspects of diabetes care and outcomes, especially when combined with educational interventions, decision support, and reminders on performance issues. 1 Recently diabetes research has addressed whether the benefits of disease and case management can be realized as or more effectively through the use of new Internet-based care management tools. Much of this work shows that, compared with standard care, the Internet-based mode of delivery is related to improvements in diabetes-related individual-level outcomes and quality of care. [2] [3] [4] [5] [6] Although Internet-based disease and case management tools are new to diabetes care and likely to change providers' workflow substantially, rarely is the usability of emerging disease and case management technologies addressed and reported. A technology is "usable" if it is compatible with normal workflow and easy to use, learn, and remember. Usability of a technology is important to consider because poor usability will be reflected in poor cost savings and clinical effectiveness in the long term; that is, even if a technology results in cost savings and clinical efficacy while under study, these things might not be sustained beyond the lifespan of the research if the new technology is not "usable."
This article presents a usability study of an Internet-based informatics application called the Comprehensive Diabetes Management Program (CDMP). The primary aim of the article is to demonstrate a process for testing the usability of an Internet-based informatics tool for disease and case management. The secondary aim is to show the results that such a study yields.
RESEARCH DESIGN AND METHODS
Because the structure of the usability test was dictated by the CDMP's functions and most readers are unfamiliar with the application, this section begins with an overview of the CDMP's origin and functions. The section then describes the design and methods of the usability test itself.
The CDMP
Starting in 1998, a collaborative of diabetes and eye care experts and technologists from the Beetham Eye Institute at the Joslin Diabetes Center (Boston, MA), the Departments of Defense and Veterans Affairs, the Indian Health Service, and Estenda Solutions (Conshohocken, PA) developed a telehealth eye care program to increase access of patients with diabetes to appropriate eye care. Research has shown that the telehealth eye care program is clinically efficacious, 7-10 cost-effective, 11 and associated with patient adherence to annual, standard, dilated eye exams. 12 However, the collaborative recognized that the mitigation of diabetes-related vision loss requires care management of the whole patient, not just his or her eyes. Thus from 2001 to 2005, the collaborative developed the core components of a system intended to help health care providers, who are not necessarily diabetes specialists, use clinical guidelines and up-to-date patient-level information in the care management of diabetes patients. Given that about 21 million people in the United States 13 have diabetes and the number of physicians (particularly those who specialize in endocrinology) is not sufficient to meet their needs, 14 the collaborative designed a system primarily for nurse practitioners and care managers. The result was an Internet-based informatics system called the CDMP.
The core CDMP application was intended to incorporate a wide range of functions. For this article we discuss three major areas-individual patient data, care planning, and population analysis.
The CDMP collects, analyzes, and presents detailed and summary information about individual patients. The patient information includes diagnoses, lab tests, procedure history, medications, demographics, and allergy data. The CDMP uses these data in conjunction with clinical practice guidelines to generate "alerts" to the provider when a patient has experienced a particular health event, is overdue for a test or exam, or when results from a patient's recent laboratory test are outside of a predeter-mined clinical range. In addition to generating "alerts," the CDMP uses these data to assess the patient's risk for complications of diabetes such as nephropathy, retinopathy and cardiovascular disease. To review all of these data and metrics at once, providers navigate to a one-page overview of key patient information called the "Snapshot" page (Fig. 1) .
The CDMP also contains "modules" for presentation of patient information in specialty areas. One module records images and diagnoses from tele-retinal evaluations for diabetic eye disease that the patient might have received. Another module contains a brief patient questionnaire to help care managers and patients identify problems in the patient's self-care behaviors (e.g., diet, physical activity, self-monitoring of blood glucose, medication adherence, etc.) and psychosocial circumstances (e.g., selfrated health, social support, mood, etc.). This questionnaire can be completed alone by the patient using an online survey tool integrated within the CDMP, can be administered online by the provider using the aforementioned survey tool, or can be administered on paper and the data can be entered into the CDMP by a clinic clerk.
Further, the CDMP contains a Care Plan. The Care Plan covers the provider's notes about the patient's major anatomical and physiological systems, a profile of the patient's self-management goals and regimen, a listing and description of educational materials available at that clinic for the provider to give his/her patients, and "action items" with follow-up activities and timelines. The Care Plan is not automatically completed; rather, the designers intended that it be completed through discussion between the provider and the patient.
The CDMP can present aggregated data on a provider's, group's, or clinic's patient population. For example, the system can generate Diabetes Quality Improvement Project 15 statistics and other reports.
The CDMP is supposed to be flexible. Ranges for assessment and ranking of patient risks, for instance, can be defined according to an organization's needs and population. Care providers can activate or deactivate alerts and include or omit certain modules depending on the services available.
Usability testing
The guiding questions of the usability study design were: (1) What were the study participants' expectations and interpretation of the CDMP's functionality (conceptual model), and how did these compare with actual functionality? (2) Which parts of the CDMP were frustrating to study participants (navigation and information architecture)? (3) Which parts of the CDMP were confusing or easily misunderstood (content and terminology)? (4) How satisfied were the study participants with the CDMP, and how willing were they to use a system like this one in the future?
We conducted the usability testing in a Usability Lab. The Usability Lab is a controlled setting with a one-way mirror and recording equipment that make it possible to watch and audio-or videotape testing sessions unobtrusively. Each study participant received a brief, standardized introduction to the CDMP and training in the "think aloud" procedure so that observers could follow the participants' thought processes as they navigated the CDMP. We trained participants to think aloud by demonstrating the technique as if the test administrator were a test participant. Participants worked with a prototype of the CDMP for approximately 1.5 h, performing standardized, common tasks with a fictitious patient. The tasks were intended to represent what a provider might want to know and do with a new patient. Before beginning any session, we obtained written consent from each study participant using documents and processes reviewed and approved by several institutional review boards.
Participants
We sampled potential participants from the American Institutes for Research (AIR) (Concord, MA) database of over 3,000 individuals who have participated in usability tests over the past few years. A study representative called potential participants, described the study to them, and then screened interested potential participants for eligibility. Potential participants were eligible if they reported having at least some comfort with computers, even if they were still beginners, and were likely future users of the CDMP (i.e., health care providers, particularly nurse practitioners and care managers).
From the pool of potential participants, we enrolled six health care providers. Usability tests typically rely on small samples, as a small number is sufficient for determining the major usability issues and soliciting the full range of feedback. 16, 17 If the testing sessions had uncovered new information each time, we would have continued to enroll participants until we attained saturation.
Measures
To address the four objectives of the usability study, the usability test collected observational, survey, and interview data. Table 1 shows the correspondence between the guiding questions of the usability test and the type of data collected.
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Demographics MALE 01/01/1972
Gender: Diabetes Onset: While participants used the CDMP, we collected observational data by recording participants' mouse movements, observing the paths they used to complete each of the study tasks, noting verbalizations made by participants throughout the sessions, and recording errors and other key incidents such as when participants made the same types of errors repeatedly across tasks. We allowed participants to complete each of the study tasks without interruption so that we could observe participants' tendencies and decision-making processes.
The interview data addresses participants' overall impressions of the CDMP and what they liked or disliked about it. It also addresses specifics such as the pages that the participants found most helpful for familiarizing themselves with the fictitious patient, how intuitive the participants found the CDMP's graphing features, whether the CDMP's drop-down menus contained all expected choices, and whether the participants wanted additional reports.
Survey data were collected using a questionnaire developed by AIR called the Usability Score (patent pending). The AIR Usability Score is internally validated and used as standard practice in AIR's usability evaluations. It has 25 Likert-scale questions covering visual appeal (e.g., application was appealing, application was designed with the user in mind), content (e.g., page layouts were logical, information was complete), ease of use (e.g., options were clear at every stage, the steps required to complete a task were in logical order), performance (e.g., the system responded quickly and worked properly), and support features (e.g., the application gave an appropriate amount of feedback and the error messages gave instructions on how to recover). Responses range from "strongly disagree" (scored as 1) to "strongly agree" (scored as 5). Higher scores indicated the participant had a more favorable impression of the technology's usability.
Analyses
For the observational and interview data, we reviewed the paths and verbalizations (from the "think aloud" process) for each participant to look for trends. When two or more participants made similar errors or verbalizations about a specific issue, we flagged the issue as a potential usability problem. Here we report only those problems and strengths that were identified by two or more participants. For the survey data, we computed means and standard deviations (SDs) for each of the subscales as well as the total scale scores. We computed the means and SDs for descriptive purposes only; the small sample size did not permit a statistical analysis of the Usability Score data. Table 2 shows characteristics of the six study participants. Five were nurses, of whom three were diabetes educators working exclusively FONDA ET AL. 20 with people with diabetes. The two remaining nurses, a home health nurse and a nurse in an urban hospital, worked with diabetes patients about 10% and 40% of the time, respectively. The final participant was a physician who predominantly saw patients with diabetes. Table 3 presents means and SDs for the subdomains of the AIR Usability Score. On average, the participants' responses were neutral to favorable (mean total score ϭ 3.65; SD ϭ 0.86). Participants gave slightly higher scores on average to questions about visual appeal (mean ϭ 3.87; SD ϭ 0.73) and content (mean ϭ 3.87; SD ϭ 0.78) than to questions about ease of use (mean ϭ 3.50; SD ϭ 0.82), performance (mean ϭ 3.50; SD ϭ 0.94) and support features (mean ϭ 3.50; SD ϭ 0.97).
RESULTS
Conceptual model
Participants wanted and expected the ability to customize the CDMP for their own use. For example, one participant said, "I use a different target for HDL [high-density lipoprotein]. I would want to be able to change these targets for my patients." Another said, "I want to be able to use templates." And another said, "Will the hospitals get to customize it?"
Participants' expectations about what the application could do were not always congruent with the application's functionality. For instance, participants expected to be able to order labs from within the system, rather than having to use a separate system for ordering labs. Some comments were: "I'm assuming I can order the labs from somewhere in here"; "It would be nice if the system could recognize seasonal issues, like reminding patients to get flu shots in the late fall"; "I'm guessing it's saving my work as I go along"; and "I'm looking for a way to sign this order. If I ordered it, it should ask you to OK the lab and then generate a letter."
Navigation and information architecture
Participants found it easy to read and understand the patient-specific clinical pages, such as the "Snapshot" Page. One participant said, "I like this page." Another participant said, "This is a good summary." Other sections of the CDMP were more challenging for participants to navigate successfully without some hesitation. Some comments were: "I'm not sure how to get back from another page"; "What am I under?"; and "I had to play around to find stuff." The page names noted on the navigation bar were not helpful to participants. Participants wanted lists presented differently. For example, regarding the list of the fictitious patient's diagnoses, one person said, "I want the diabetes-related diagnoses first." Another said, "Why do I have to search through this whole list? I wouldn't do it. I don't have time." The same comment applied to the medications list.
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Content and terminology
Participants did not quickly grasp all content and terminology: "I don't know what these mean. What's a '1' on this scale? It should be spelled out." "Why is green an alert?" Lastly, "Will 'close' close the window? I don't know what it means to close an alert."
Satisfaction
Participants reported being enthusiastic about the layout of the CDMP, the types of data available on its clinical pages, and the CDMP's ability to share up-to-date patient data online and securely among team members. One participant reported that she "loved the CDMP" and thought it was "visually beautiful." Another reported that the CDMP "seems like a wonderful program" and thought it would fill a "need that providers have." Several participants said the program was "easy to read." At least three participants said a strength of the CDMP was that an entire team could use it to share information about their patients. The participants who were nurses reported they could envision using the CDMP in their practices.
DISCUSSION
This article describes the methodology and results of a usability study of an Internet-based informatics application called the CDMP. A broader purpose of this article-beyond the questions addressed in the usability test-is to demonstrate to clinicians and technologists a process to follow for usability testing in their development endeavors. Although there have been studies related to the user interface design of other types of systems, 18-21 a usability study among patients using an Internet-based diabetes management program, 22 and considerable effort has been expended on developing applications to suit a variety of medical purposes, to our knowledge there are no other usability studies for a system with the purpose, functionality, and intended mode of application as the CDMP. This study can provide a model for others who are developing largescale applications for disease management.
The usability study was informed by the principles of user-centered design (UCD). UCD is concerned with what users' expectations are for how something should work and what it should do, with how users interpret the clues that a particular device or technology provides about its functioning and content, and how users interpret feedback from the device or technology. 23 The focus of the usability study itself, then, was study participants' perspectives on the CDMP's conceptual model, navigation and information architecture, and content and terminology, as well as their overall satisfaction with the CDMP and likelihood of using a system like this one again. As user input is collected and analyzed, it leads to refinements of the system under design. Future input from people who use the refined CDMP, ideally next in "real" settings, will lead to further enhancements.
Regarding the results, the participants gave the CDMP neutral to favorable survey scores overall. For the survey subdomains, they scored the application's visual appeal and content higher than its ease of use and support features. From the observational data, the participants' conceptual model included the ability to customize functions and the expectation that certain functions could be performed within or by the application since they were listed as tasks for the provider. The participants generally found the navigation and information architecture of the CDMP easy to understand but sometimes had difficulty navigating among sections of the application. They wanted lists to reflect their intuition about ordering, such as diabetes-related diagnoses appearing at the top of a diagnoses list. The participants occasionally were confused by the CDMP's content and terminology, such as the meanings for "alerts" and "reminders" and of rating scales. The results overall confirm the need to conduct usability testing of Internet-based informatics applications, even those developed by experts in the content area and technologists.
Ultimately the purpose of usability testing is to make informed modifications to the technology. Modifications resulting from this study included: reorganization of lists per the participants' suggestions; adoption of standard user interface elements such as on/off radio buttons; changes in the navigation bar by regrouping and rewording items; the addition of help text to improve the support features of the application; the revision of training materials to make more explicit the CDMP's customizability; the revision of names for certain tasks and buttons (e.g., the "close" button for "alerts" is now called "done"); and the addition of information to explain terms, scales, and risk profiles. Several suggestions were postponed until feedback is available from providers who are managing patients within their own clinics using the application.
There are several limitations to this study. One is that we did not recruit providers who work in remote settings and/or in clinics that do not have electronic medical records. Providers in these settings may have different perspectives on how an Internet-based informatics tool for diabetes care management should work. For example, providers in remote settings might not find certain tasks and alerts within the application useful because of the limited availability of specialty services in their area, and providers in clinics without electronic medical records might desire an easier user interface for data entry into the CDMP. Another limitation is that studies with small samples often raise the question of whether all of the main issues were identified. Although no new issues emerged by the sixth participant and samples of about six people tend to be appropriate for usability testing, 16, 17 there is still the possibility that a larger, more heterogeneous group might have uncovered new issues. Both limitations can be overcome by using the iterative testing procedure typical of UCD.
Future work will focus on the usability of the CDMP from the perspectives of people using it for patient care. This work will provide a foundation for future cost-and clinical effectiveness studies. Once usability is established, then effectiveness studies will not be confounded by problems with the application itself.
